| INTRODUCTION
Proteinuria is a marker of chronic kidney disease in dogs and a recognized risk factor for morbidity and death. 1, 2 Colorimetric or turbidimetric evaluation of urine via dipstick or sulfosalicylic acid methods, respectively, are the most commonly used baseline screening tools for proteinuria. 3 Often, the next diagnostic step for a dog that has evidence of proteinuria is measurement of the urinary protein-to-creatinine ratio (UP : C). 4, 5 This test more precisely quantifies proteinuria but involves additional expense to the client and potentially a second sample collection, which might require an additional clinic visit.
Urinary protein loss, as quantified by dipstick analysis, must be interpreted in light of urine specific gravity (USG); that is, at low USG values, the presence and degree of proteinuria could be concealed, whereas at higher values, these might be overestimated. In one study, the positive predictive value of urine dipstick analysis for the detection of proteinuria (ie, UP : C ≥ 0.2) was 86.1% and 52.9% in samples
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[Corrections added on 14 December 2018 after first publication: Pages 1 and 8 have been updated to include ORCID information for Dr. Lourenço.] for which USG was <1.030 and ≥1.030, respectively. In the same study, negative predictive value was 77.0% and 97.6% when USG was <1.030 and ≥1.030, respectively. 6 If a reliable relationship between urine dipstick protein and UP : C could be identified while taking into account USG, the clinician could use this relationship to determine whether submission of a UP : C is likely to be of additional diagnostic value. Similarly, it could enable the clinician to make more informed therapeutic decisions when UP : C cannot be obtained.
Identification of persistent renal proteinuria requires exclusion of pre-renal or post-renal causes. 5 However, post-renal causes such as urinary tract infection might be superimposed on renal disease, and it could be challenging to discern the contribution of these factors to total proteinuria. 1, 5 Thus, it would be valuable to clarify the relationship between naturally occurring bacteriuria and UP : C in particular, and to determine whether the number of colony-forming units of bacteria per milliliter (CFU/mL) in bacteriuric urine is predictive of UP :
C increase. This could allow clinicians to better interpret UP : C measurements from urine obtained at the time of bacteriuria.
The purpose of the study reported here was to determine whether USG might be used to predict UP : C when dipstick protein category is known. We also sought to examine the effect of the presence and severity of bacteriuria, as approximated by CFU/mL, on UP :
C. We hypothesized that within a given protein dipstick category, USG and UP : C would be significantly negatively correlated, with a strength of relationship that would allow for the generation of useful predictive models. We further hypothesized that UP : C would be positively correlated with the severity of bacteriuria as indicated by CFUs/mL, and that the presence of confirmed bacteriuria would be associated with abnormal UP : C.
| MATERIALS AND METHODS

| Sample population
Our samples are from the electronic medical records of a university- The presence or absence of bacteriuria was recorded separately. Urine sample collection method is recorded for each urinalysis submission at our institution. As sample collection method is not routinely documented on the electronic submission requests and final reports for urine culture and UP : C, this information could not be confirmed in all cases.
For the purposes of analysis, method of sample collection for urine culture and UP : C testing was taken to be the same as for urinalysis.
Urinary protein-to-creatinine ratio data were recorded both as cate- 
| Urine assays
All urinalyses and UP : C evaluations were performed by the same lab- (100 mg/dL), 3+ (300 mg/dL), and 4+ (≥2000 mg/dL). Urinary protein-to-creatinine ratio is determined using an automated chemistry analyzer. Urine samples with protein concentration less than the lower limit of detection of the analyzer (6 mg/dL) are assigned a value of 1 mg/dL for calculation of UP : C. Two different analyzers were used by this laboratory during the time frame evaluated by this study Using UP : C as the reference for the presence (UP : C > 0.5) or absence (UP : C ≤ 0.5) of proteinuria, the diagnostic performance of urine dipstick testing was evaluated by calculation of sensitivity, specificity, and negative and positive predictive values. For these calculations, a negative dipstick result was considered a "negative" test, and any dipstick result ≥ trace was considered a "positive" test.
| Statistical analysis
The diagnostic performance of UP : C for the detection of a positive or negative urine culture result was similarly evaluated; for these calculations, UP : C ≤ 0.5 was considered a "negative" test and UP : C > 0.5 was considered a "positive" test.
Where appropriate, data are reported as mean AE SD or median (minimum -maximum) for normally and non-normally distributed data, respectively. For all tests, a P-value of <.05 was considered to indicate statistical significance.
| RESULTS
A total of 524 dog visits were identified by medical records search. Of these, 30 were excluded because UP : C determination was not performed on the same day as urinalysis and urine culture; 5 were excluded because UP : C was requested but not performed; 3 were excluded because requests for urine testing were canceled; 3 were excluded because there was no record of the dog having visited the hospital on the day of sample submission; and 1 was and UP : C analysis and were therefore used only for culture and UP :
C association testing.
The mean AE SD age of dogs from which urine samples were obtained was 9.8 AE 2.9 years. Two hundred seven dogs (52.5%) were spayed females, 157 dogs (39.8%) were castrated males, 11 dogs Urine specific gravity and UP : C for samples included in each protein dipstick category are presented in Table 2 . Only 5 (16.7%) of the 30 samples obtained from apparently asymptomatic dogs had low colony counts (ie, <100 000 CFU/mL), whereas the remainder (83.3%) had high colony counts (ie, ≥100 000 CFU/mL). For 1 asymptomatic case only "heavy growth," but not CFU/mL, was reported. Similarly, only 2 (13.3%) of the 15 samples taken from symptomatic dogs had low colony counts, whereas 13 (86.6%) had high colony counts. Urinary protein-to-creatinine ratio values for samples with positive urine culture results are depicted in The diagnostic performances of urine dipstick testing for the detection of abnormal UP : C and of abnormal UP : C to detect a positive urine culture result are summarized in Table 3 .
Nineteen reported CFU/mL were below 100 000 for 3 of these 9 cases.
| DISCUSSION
One purpose of the study reported here was to determine whether USG might be used to predict UP : C when dipstick protein category is known, so as to provide a simple means by which the practitioner could use the urinalysis results to determine the value of submission of urine for UP : C analysis. The results of the present study indicate that the values of USG within dipstick protein categories cannot be used to reliably predict UP : C in dogs. The use of univariable linear regression analysis to test for relationships between USG and UP : C within each dipstick category poorly described the data, as evidenced by the nonrandom distribution of points above and below the lines of best fit ( Figure 1 ). For this reason, nonlinear analyses and log-transformation of UP : C data were evaluated as potential methods to improve prediction.
Although it was possible to variably improve goodness-of-fit with these approaches, these univariable analyses are still not recommended for at least 2 reasons. First, the greatest R 2 value achieved by any analysis was only 0.59, indicating relatively weak correlation at best. Second, relative goodness-of-fit for each of the applied regression analyses varied widely by dipstick category (eg, R 2 was greatest for samples in the 1+ dipstick category when the Michaelis-Menten analysis was applied to log-transformed UP : C data, whereas it was greatest for samples in the as some bacterial species could incite a more intense inflammatory reaction than others. 9 Nevertheless, if CFU/mL is used to estimate the severity of an infection, the results of our study suggest that the Cases are stratified by the presence or absence of clinical signs at the time of sample collection. Data are presented as number or median (range) where appropriate. Abbreviations: CFU/mL, number of bacterial colony-forming units per milliliter of urine; UP : C, urinary protein-to-creatinine ratio. † Excludes 1 asymptomatic case for which "heavy growth," but not CFU/mL, was reported. is more likely that a screening urinalysis was initially performed on a voided sample, and a new urine sample was then collected via cystocentesis so that a urine culture could be performed in these cases once urinary sediment analysis supportive of infection became available to the clinician. When culture-positive samples from dogs whose For dipstick testing, UP : C > 0.5 and ≤0.5 were taken to indicate the presence and absence of proteinuria, respectively; dipstick results were taken to be negative when = 0, and positive when ≥ trace. For UP : C testing, the reference criterion was the presence of positive urine culture results; UP : C results were taken to be negative when ≤0.5 and positive when >0.5. Abbreviations: NPV, negative predictive value; PPV, positive predictive value; UP : C, urinary protein-to-creatinine ratio.
urinalysis samples were collected by voiding were compared to a random selection of an equal number of culture-positive samples from dogs whose urinalysis samples were collected by cystocentesis, UP : C was abnormal in 3/8 (37.5%) and 5/8 (62.5%), respectively. Colony counts were similar between groups, and a diversity of bacterial isolates was observed in each. Because previous studies have demonstrated that there is good agreement in measured UP : C values between paired samples collected by cystocentesis or voided methods, 14 we did not believe that exclusion of the 9 cases known to have had urinalysis samples collected by voiding was warranted in the present study. Importantly, the goal of the study reported here was to determine whether it is practical for clinicians to use USG to predict UP : C when dipstick protein category is known or to use urine culture positivity to explain abnormal UP : C. Even assuming that it was feasible for clinicians to collect urine for all assays by a single method from all dogs, the poor performance of either dipstick protein or culture positivity as a predictor of UP : C would not be rescued by assessing it for only a single method of urine collection.
In a population of 165 canine visits to our institution's CPC in which urinalysis, UP : C, and urine culture were performed concurrently, 15.8% of the visits led to a diagnosis of proteinuria. Although determination of prevalence was not a primary aim of the study reported here and cannot be performed using this study design, the reported proportion of proteinuric samples (15.8%) was consistent with data presented in 2 recent studies, which report overt proteinuria in 11% 15 and 13.4% 16 of apparently healthy geriatric dogs. Based on the results of this study and consistent with recent findings of others, general practitioners should expect to encounter proteinuria with moderate frequency among that population of dogs for which an indication exists to perform diagnostic screening comparable to our institution's Senior Wellness Panel and also for those dogs for whom diagnostic testing is warranted owing to clinical signs, known comorbidities, or both. If proteinuria at any level is encountered on the urine dipstick, there is no meaningful way to estimate its quantity from the USG. Urinary protein-to-creatinine ratio testing must be performed if proteinuria is to be quantified to assess its significance.
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